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Abstract 
BACKGROUND: Fiberoptic bronchoscopy (FOB) guided bronchoalveolar lavage (BAL) remains as the chief 
diagnostic tool in respiratory disorders. 1.2-16% of patients frequently experience fever after bronchoscopy. To 
exclude the need for multiple antibiotic prescribing in patients with post-bronchoscopy fever, the presence of the 
self-limiting inflammatory responses should be excluded.  
AIM: The current study was conducted to test the serum of patients undergoing bronchoscopy for some 
proinflammatory cytokines including Tumor Necrosis Factor-alpha (TNF-ɑ), Interleukin-1beta (IL-1β), Interleukin-8 
(IL-8) and Interleukin-6 (IL-6) and the value of Procalcitonin (PCT). 
MATERIAL AND METHODS: Current case-control study was conducted at the National Research Institute of 
Tuberculosis and Lung Disease in Iran. Nineteen patients (48.72%) that attended with a reasonable sign for a 
diagnostic bronchoscopy from January 2016 to December 2017 were included in the case group. The control 
group consisted of 20 patients who underwent a simple bronchoscopy and without FOB-BAL. The laboratory 
findings for PCT concentrations and cytokine levels in the three serum samples (before FOB-BAL (t0), after 6 hr. 
(t1), and at 24 hr. past (t2) FOB-BAL) were compared between two groups. 
RESULTS: The frequency of post-bronchoscopy fever was 5.12, and the prevalence of post-bronchoscopy 
infectious fever was 2.56%. PCT level was considerably higher in the patient with a confirmed bacterial infection 
when compared to other participants (p-value < 0. 05). Interestingly, IL-8 level in the bacterial infection proven 
fever patient was higher than in other patients (p < 0.001). IL-8 levels displayed a specificity of 72.7% and a 
sensitivity of 100%, at the threshold point of 5.820 pg/ml. PCT levels had a specificity of 84% and a sensitivity of 
81%, at the threshold point of 0.5 ng/ml. 
CONCLUSION: The present findings show that in patients with fever after bronchoscopy, PCT levels and IL-8 
levels are valuable indicators for antibiotic therapy, proving adequate proof for bacterial infection. The current 
findings also illustrate that to monitor the serum levels of PCT and proinflammatory cytokines in the patients 
undergoing FOB-BAL, the best time is the 24-hour postoperative bronchoscopy. 
 
 
 
 
 
Introduction 
 
In numerous pulmonary and respiratory 
invasive techniques such as bronchoscopy are 
required to be applied. Bronchoscopy is generally a 
well-tolerated technique by most patients [1]. 
However, rare side effects such as severe arrhythmia, 
bleeding, pneumonia or pneumothorax are observed. 
Serious complications of bronchoscopic infections 
include spreading the infectious agents from one 
patient during bronchoscopy, transferring to the next 
procedures. Treatment for an invasive bacterial or 
viral infection is mandatory in such cases [2], [3]. 
However, one-third of patients develop fever, 
and sepsis-like syndrome after fiberoptic 
bronchoscopy (FOB) guided bronchoalveolar lavage 
(BAL) for yet unknown reasons and as a systemic 
Basic Science 
_______________________________________________________________________________________________________________________________ 
 
_______________________________________________________________________________________________________________________________ 
2                                                                                                                                                                                                   https://www.id-press.eu/mjms/index 
 
inflammatory response [2], [3], [4]. Therefore, patients 
with post-interventional fever should undergo further 
evaluations for observing the exact reason for the 
fever. The standard gold technique to detect systemic 
bacterial infection in patients with fever after 
bronchoscopy is blood cultures. However, such 
microbiological workup is time-consuming. In recent 
years, the usage of circulating proinflammatory 
mediators such as C reactive protein (CRP) and 
Procalcitonin (PCT) as alternative rapid predictive 
parameters have been broad [5], [6], [7].  
In patients with sepsis serum levels are TNFα, 
IL-1β and IL-6 are increased [8]. Moreover, PCT is 
evaluated in response to intermediates or endotoxins 
released against bacterial infection (IL -6, TNF-α, IL-8, 
IL-1β), and is strongly associated with the amount and 
severity of bacterial infections.  
Procalcitonin (PCT), a calcitonin hormone 
precursor, is produced by C cells in the thyroid gland, 
or by neuroendocrine cells in the lung and intestine, 
and its serum levels in healthy individuals are less 
than 0.15 ng/ml [7]. Expression of Procalcitonin is 
related to IFNγ, which is the released cytokine in 
response to viral infections is reduced. Therefore, 
PCT is a specific indicator of bacterial infections, and 
it may help to differentiate bacterial infections from 
viruses. PCT with a half-life of 25 to 30 hours has 
been described as a predictor of disease severity and 
antibiotic efficacy. Procalcitonin levels increase 
significantly in bacterial infections. In cases of viral 
infections or non-infectious febrile illnesses, 
procalcitonin levels are low or normal [9]. 
The production of PCT is associated with 
inflammation in response to inflammatory cytokines, 
which is characterised by a rapid increase in PCT 
levels. Endogenous systemic inflammatory responses 
stimulate alveolar macrophages to release increased 
cytokine concentrations. Some well-known 
inflammatory cytokines include Tumor Necrosis 
Factor-alpha (TNF-ɑ), Interleukin-1beta (IL-1β), 
Interleukin-8 (IL-8) and Interleukin-6 (IL-6) [10]. 
In inflammatory reactions, TNF increases and 
reaches its maximum value in 90 minutes. While IL-6 
reaches its maximum value in 180 minutes. The levels 
of PCT in sputum and serum elevate only after 3 to 6 
hours of inflammation and reaches to its highest 
peaks at less than 6 to 8 hours, following a pattern 
similar to that of acute bacterial infection [11]. 
In previous studies, non-pneumonia subjects, 
with a rise in temperature above 1°C, were compared 
to subjects without increasing the temperature after 
BAL. The non-pneumonia group showed an elevated 
serum PCT and IL-6 levels that were secreted within 
12 hours and was resolved after 24 hours [5]. 
Considering the heterogeneous and scattered 
reports of changes in serum proxlotonin levels and 
inflammatory markers after bronchoscopy and BAL, it 
seems that further research is required in a non-
randomized clinical trial in this regard. The current 
study was conducted to research this field.  
Hence, in the current approach, we tested the 
prevalence of patients with fever because of infection 
after FOB-BAL at the interventional pulmonology 
ward. Next, to clinical signs and symptoms, we 
assessed PCT value in the serum sample, in three 
intervals. In parallel, to check the self-limiting 
inflammatory responses and to exclude the need for 
antibiotic prescribing in patients with post-
bronchoscopy fever, we assessed the concentrations 
of the proinflammatory cytokines TNF-ɑ, IL-1β, IL-8 
and IL-6 in serum. 
 
 
Material and Methods 
 
Study Design 
The current case-control study is a performed 
approach at the interventional pulmonology ward, 
National Research Institute of Tuberculosis and Lung 
Disease (NRITLD) of Iran. The research committee 
and the ethics of the Shahid Beheshti University of 
Medical Sciences (IR.SBMU.NRITLD.REC.1396.375) 
confirmed stages of the study. An expert 
methodologist estimated the least sample size of 20 
individuals in each of case and control groups by 
taking the statistical assumptions and formula [12]. 
We screened every patient that attended with 
a reasonable sign for a diagnostic bronchoscopy 
during January 2016 for inclusion and exclusion 
criteria. We entered patients if they were above 18 
years old and with no infectious diseases or 
pneumonia. We excluded individuals with cardiac 
arrhythmia and acute from the study. We included the 
patients with an urgent diagnosis of bronchoscopy in 
the case group. Patients who did not need immediate 
diagnostic bronchoscopy included in the control 
group. Hence, none of the patients experienced 
bronchoscopy without a necessary reason. 
After receiving signed consent letters, thirty-
nine patients with respiratory disorders joined the 
current approach. The case group comprised 19 
patients (48.72%) an immediate need for diagnostic 
FOB-BAL. A group of 20 selected patients with 
precise diagnosis and no need for diagnostic FOB-
BAL (51.28%) entered the study as the control group.  
We documented the demographic and 
laboratory information and recorded axillary body 
temperature before FOB-BAL (t0), after 6 hr (t1), and 
at 24 hr past (t2) FOB-BAL. We documented fever 
when the body temperature was ≥ 38°C. Data 
collection including age, sex, the cause of 
bronchoscopy, underlying disease, corticosteroid use, 
antibiotic use, body temperature, performed laboratory 
tests findings before the study and the laboratory 
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findings at 6 and 24 hours after the intervention. 
Serum culture was performed to evaluate the bacterial 
contamination following bronchoscopy. 
In this study, we considered positive fever 
patients with positive serum culture and concurrent 
elevation of PCT serum levels, as the pneumonia 
cases. The laboratory findings for PCT concentrations 
and cytokine levels in the three serum samples 
(before FOB-BAL (t0), after 6 hr. (t1), and at 24 hr. 
past (t2) FOB-BAL) were compared between two 
groups. 
 
Blood sampling and FOB-BAL 
Three arterial blood samples were collected in 
sterile and with no additive tubes before, 12 hr and 24 
hr after BAL. After centrifuging at 3.56 G for 10 min, 
we stored serum at -70C° for further use on 
processing day. We performed BAL, along with the 
former guideline using a flexible fiberoptic 
bronchoscope (Olympus; Tokyo, Japan) [13]. 
 
Laboratory Assay  
Solid phase enzyme-linked immunosorbent 
assay (ELISA) (Biosource, Camarillo, CA) detected 
plasma concentrations of cytokines based on the 
earlier protocols [14]. We assessed serum PCT value 
using Electrochemiluminescence immunoassay 
(ECLIA) method (Boditech, South Korea) based on 
the company instructions. We considered elevated 
Serum cytokine value when it was above the upper 
limit value of the control group (≥ 5 pg/ml for IL-6; ≥ 20 
pg/ml for TNF-a ≥ 15 pg/ml for IL-1b; ≥ 29 pg/ml for IL-
8). PCT serum values above 0.5 ng/ml defined 
positive values and a bacterial infection in the patient. 
 
Statistical analysis 
Statistical Package for the Social Sciences 
(SPSS) (ver. 22.0; SPSS Inc. Chicago, IL, USA) 
software regulated the statistical analysis. Frequency, 
percentage, means (± standard deviation) or median 
(least- greatest) expressed the continuous variables. 
Also, for categorical variables, frequencies and 
percentages were the presented results. Spearman’s 
rank correlation coefficient test showed the 
correlations between limits. Nonparametric Mann-
Whitney U-test compared the comparisons between 
groups with continuous variables. Otherwise, the chi-
square test analysed the comparisons between 
groups with categorical variables. Student’s t-test and 
the Kruskal-Wallis test represented differences in the 
mean with a p-value of < 0.05 for a significant value. 
 
 
 
Results 
 
Demographic features 
Table 1 represents the baseline demographic 
features in the study case and control groups. The 
mean age in the case group was 56 ± 16 (25 to 84 
years) and 49 ± 15 in the control group (25-81 years). 
Table 1: Baseline characteristics of the study patients 
Characteristic All patients Case group Control group 
Number of patients, n (%) (n = 39) (n = 19, 48.72%) (n = 20, 51.28%) 
Age (yr), mean ± (SD) (interquartile 
range) 
 56 ± 16 (25-84) 49 ± 15 (25- 81) 
Gender, n (%) Male 
Female 
12 (30.8%) 
7 (17.9%) 
7 (17.9%) 
13 (33.3%) 
 
The gender of the studied population was; 19 
male (48.7%) and 20 female patients (51.3%). Two 
groups of case and control were similar in the 
frequency’s distribution on the sex of participants 
(Pearson Chi-Square, p-value = 0.079). Post-
bronchoscopy fever developed in two of 39 patients 
(5.12%) (Table2). 
Table 2: The prevalence of post-bronchoscopic fever in study 
subjects 
Body temperature (°C), mean (SD) 
Before bronchoscopy  36.8 (0.38) 
After bronchoscopy, 6 h  37.4 (0.71) 
After bronchoscopy, 24 h  36.9 (0.37) 
Fever after bronchoscopy (Temp ≥ 38 °C), n (%) 2 (5.12) 
 
The indications of FOB-BAL were for 
diagnosis of COPD in four cases, suspected of 
tuberculosis in one case, Lung cancer in 6 cases, 
Tracheostomy in one case and respiratory 
hypertension in seven subjects. 
 
Figure 1: Differences in IL8 concentration of case group during 
three intervals (P-value = 0.006); *: variance by Greenhouse-
Geisser test was applied 
 
The concentration of IL-8, patients in the case 
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group, presented significantly increased, when 
compared with the control cases (254.2 vs 1731.5 
pg/ml P < 0.0001). Concentrations of IL-8 significantly 
increased, during the three episodes of sampling (P-
value = 0.006) (Figure 1). Elevation of IL8 did not 
relate to gender (value of P = 0. 833) (Figure 2). 
 
Figure 2: Correlations of IL8 concentration in three samples with 
sex in the case group (P-value=0. 833) 
 
IL-6 concentrations have increased in the 
second specimens and reached the normal value in 
the third specimen. The increasing value of IL-6 in the 
second sample in the case group differed significantly 
from the mean value of IL-6 in the control group 
(19.38 vs 6.28 pg/ml P-value = 0.023, Mann-Whitney 
U test was applied) (Figure 3). 
 
Figure 3: Differences in IL-6 level of case group in three samples 
(P-value = 0.023) 
 
However, IL-6 levels did not represent 
significant differences in subjects with fever and 
without fever. Elevation of IL-6 did not relate to sex 
(value of P-value = 0. 593) (Figure 4). Also, in case 
patients with a temperature above 1°C after BAL, non-
pneumonia and pneumonia subjects represented an 
increase in levels of interleukin 6 with no significant 
differences. 
 
Figure 4: Correlations of IL-6 level in three samples with sex in the 
case group (P-value = 0. 593) 
 
Levels of TNF-α and IL-1β decreased in the 
case group compared to the control group. IL-1β 
levels significantly decreased in the case group. 
However, this trend was not significant for TNF-α (P-
value = 0.032 Mann-Whitney U test, P-value = 0.136, 
Mauchly’s Test of Sphericity, respectively). Serum 
levels of TNFα and IL-1β were not related to the 
gender of the subjects (P-value = 0.833, P-value = 
0.796 respectively) (Figure 5). 
 
Figure 5: Correlations of TNF-α and IL-1β serum levels in three 
samples with the gender of the subjects (P-value = 0.833, P-value = 
0.796 respectively) 
 
Reduction of IL-1β level in the third sample 
was significantly different between the two groups 
(1.34 vs 3.40 pg/ml, P-value = 0.21). Also, TNF-α 
level was significantly different in all three samples of 
the case group compared to the control group (P-
value < 0.001, Mann-Whitney U test). 
Of two cases with fever after FOB-BAL, only 
one subject (5.3% of patients in case group) 
represented an elevated level of PCT in t2. PCT 
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represented none significant differences in the case 
group, neither regarding the gender of the participants 
or the interval of the sampling. According to the 
results, PCT values were normal in all 20 participants 
of the control group and every 3 samples of each. 
Laboratory findings for serum procalcitonin levels are 
presented in Table 3. Pearson correlation coefficient 
of PCT level and smoking did not represent a 
significant linear relationship. There was no 
relationship between the duration of bronchoscopy 
and PCT levels in any of the participants. 
Table 3: Laboratory findings for serum procalcitonin levels 
 Min. Max. Mean Standard deviation 
Procalcitonin 0.10 23.00 1.29 3.53 
 
Current results represented that the levels of 
PCT in the fever positive patients with high levels of 
IL-6 and IL-8 are significantly higher than in patients 
with fever alone or in patients with isolated elevation 
of serum IL-6 and IL-8 protein levels (P < 0.01). 
ESR levels represented an increase at t1 and 
reached the normal level at t2. The mean ESR level 
was not significantly different between the two cases 
and control groups at any of the three sampling times 
(P-value = 0.328, Mann-Whitney U test) (Figure 6).  
 
Figure 6: ESR level in case group during three intervals (P-value > 
05); *: Mann-Whitney U test 
 
Variations of ESR levels were similar in 
women and men of the case group (p-value = 0.651). 
As well, changes in ESR levels of three samples did 
not correlate with the sex of participants in the case 
group (p-value > 0. 05). Table 4 represents the 
laboratory findings of the study population. 
Table 4: Laboratory findings of the study population 
Group N Mean Std. Deviation p-value 
ESR Time1 case 19 22.3158 10.53593 0.163* 
control 20 18.4500 6.05653 
ESR Time2 case 19 23.1053 10.51398 .072* 
control 20 18.4500 6.05653 
ESR Time3 case 19 22.9474 10.01928 .091* 
control 20 18.4500 6.05653 
*: Mann-Whitney U test. 
The evaluated mean procedure time was 
20.22 ± 5.62 minutes (15.00-30.00). The mean 
procedure time was not significantly different between 
the two cases and control groups and fever and 
unfevered cases (p-value > 0. 05). 
The frequency of post-bronchoscopy fever 
was 5.12%. Microbiological analysis was positive for 
Pseudomonas aeruginosa in the serum culture of one 
subject (2.56%). Therefore, the percentage of 
unspecific fever after bronchoscopy was 2.56%. 
PCT level was considerably higher in the 
patient with a confirmed bacterial infection when 
compared to other participants (p-value < 0.05). 
Interestingly, IL-8 level in the bacterial infection 
proven fever patient was higher than other patients 
(p < 0.001). 
There was a moderate relationship between 
PCT and IL-6 concentrations in the fever cohort 
(Spearman rho = 0.463; p ≤ 0.001). However, there 
was no association between PCT and TNF-ɑ or IL-1β, 
(p-value > 0. 05). We also found a strong correlation 
between elevated procalcitonin results with elevated 
IL-8 levels in the patient with positive serum culture 
when compared to the patients with negative culture, 
using exact Fisher test (P Value < 0.01). 
At the threshold, the point of 3.706 pg/ml IL-6 
concentrations showed a sensitivity of 100% and a 
specificity of 71.1%. IL-8 levels displayed a specificity 
of 72.7% and a sensitivity of 100%, at the threshold 
point of 5.820 pg/ml. Moreover, PCT levels had a 
specificity of 84% and a sensitivity of 81%, at the 
threshold point of 0.5 ng/ml. Finally, the best time to 
figure the diagnostic levels of procalcitonin and 
proinflammatory cytokines to predict a bacterial 
infection after bronchoscopy was 24 hours after the 
bronchoscopy.  
 
 
Discussion 
 
While a post-interventional fever can be due 
to bacterial or viral contamination, the use of 
antibiotics in such cases has been a matter of debate 
for years. Although prescribing antibiotics based on 
the observed fever after bronchoscopy is simple and 
practical, many authors believe that using these 
criteria results in antibiotic overuse, antibiotic-related 
adverse reactions and antibiotic-resistant bacteria 
without a thorough microbiologic study. On the other 
hand, serum culture and microbiologic studies are 
time-consuming and sometimes expensive.  
PCT is a valuable alternative marker to 
diagnose bacterial infections because its serum 
values elevate as early as 3 to 4 hours after infection, 
much faster than other inflammatory markers such as 
ESR and C-reactive protein [15]. Current results show 
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a 5.12% frequency of post-bronchoscopy fever that is 
in line with earlier reports, presenting a prevalence of 
post-bronchoscopy fever in 1.2 – 16% of patients [2], 
[16]. 
Procalcitonin has also been a well-recognised 
marker for antibiotic therapy since 1993 [17], [8].  
Bronchoscopy-BAL results in a vast acute 
phase reaction, such as peripheral neutrophilia and 
raised values of CRP [18]. About changes in IL-6 
concentration, the findings of the current study were 
consistent with the results of previous studies [19], 
[20]. In the study by Krause et al., on 50 patients with 
and without BAL, IL-1β and IL-6 showed an elevation 
within 6 hours of operation [21]. 
With the concentrations of IL-8, the patients in 
the study group represented a significant elevation 
compared to the control group (P < 0.0001). This is in 
opposition to the reports by Huang et al. This 
contradiction is because of the differences in the 
population studied in two studies. Huang et al. 
observed over 50% elevation in neutrophils and over 
7 times elevation in CRP value after bronchoscopy. 
However, they reported no changes in serum 
concentrations of IL-8 post-bronchoscopy. They 
performed their study on 28 healthy subjects to 
investigate the natural effects of Bronchoscopy with 
BAL [18]. 
In the current study, TNF-ɑ concentrations 
elevated to a high peak at 24 hr. After bronchoscopy 
and decreases to an undetectable value by 48 hr. 
[18]. Here we applied the three collection steps of 
serum samples because of serum. TNF-ɑ 
concentrations are detectable as early as 4 hr. after 
bronchoscopy [18]. Current results show that the 
prevalence of post-bronchoscopy infectious fever was 
2.56%. The current findings like earlier studies 
emphasise on broader sterilisation to remove 
transmission of nosocomial infection during 
bronchoscopy operations [22]. 
In former studies, PCT was not reported as a 
valuable postoperative interpreter in immediate 
postnatal [23]. On the other hand, it was reported as a 
highly sensitive biomarker in the prediction of the 
severe community-acquired pneumonia [24]. 
However, the present study showed that in 
patients with fever after bronchoscopy, PCT levels 
and IL-8 levels are valuable indicators for antibiotic 
therapy, proving adequate proof for bacterial infection. 
The current findings illustrate that to check the serum 
levels of PCT and proinflammatory cytokines in the 
patients undergoing FOB-BAL, the best time is the 24-
hour postoperative bronchoscopy. Some limitations of 
the study may be the lack of investigation of the 
impact of local anaesthesia. Therefore, we 
recommend further studies on this topic with some 
larger sample size and inclusion of different local 
anaesthesia to merge the findings of this study. 
 
In conclusion, the present findings show that 
in patients with fever after bronchoscopy, PCT levels 
and IL-8 levels are valuable indicators for antibiotic 
therapy, proving adequate proof for bacterial infection. 
So, we recommend considering the results of 
procalcitonin besides the results of routine tests, in the 
protocol to start the antibiotic administration after 
bronchoscopy to reduce unnecessary antibiotic use in 
non-pneumonia individuals. The current findings also 
illustrate that to monitor the serum levels of PCT and 
proinflammatory cytokines in the patients undergoing 
FOB-BAL, the best time is the 24-hour postoperative 
bronchoscopy. 
 
 
Acknowledgement 
 
Shahid Beheshti University of Medical 
Sciences (IR.SBMU.NRITLD.REC.1396.375) funded 
the current thesis research. At this moment, we like to 
express our gratitude. 
 
 
References 
 
1. Stanford J, Stanford C. Mycobacteria and their world. Int J 
Mycobacteriol. 2012; 1:3-12. 
https://doi.org/10.1016/j.ijmyco.2012.01.001 PMid:26786943  
2. Witte MC, Opal SM, Gilbert JG, etal. Incidence of fever and 
bacteremia following transbronchial needle aspiration. Chest. 1986; 
89(1):85–87. https://doi.org/10.1378/chest.89.1.85 PMid:3940795  
 
3. Roy S, Sharma S, Sharma M, etal. Differential signaling of 
inducible nitric oxide synthase induction in Mycobacterium 
tuberculosis infected alveolar epithelial cell line A549 in response 
to cytokines IFN-γ, TNF-α and IL-1β. Int J Mycobacteriol. 2014; 
3(1):17-24. https://doi.org/10.1016/j.ijmyco.2014.01.008 
PMid:26786218  
 
4. Idrees F, Irfan M, Jabeen K, etal. Diagnostic performance of 
genoType® MTBDRplus line probe assay in bronchoalveolar 
lavage for pulmonary tuberculosis diagnosis in sputum scarce and 
smear-negative patients. Int J Mycobacteriol. 2017; 6(2):122-126. 
https://doi.org/10.4103/ijmy.ijmy_42_17 PMid:28559511  
 
5. Mahmutaj D, Krasniqi S, Braha B, Limani D, Neziri B. The 
Predictive Role of Procalcitonin On the Treatment of Intra-
Abdominal Infections. Open Access Maced J Med Sci. 2017; 
5(7):909-914. https://doi.org/10.3889/oamjms.2017.194 
PMid:29362617 PMCid:PMC5771293 
 
6. Braha B, Mahmutaj D, Maxhuni M, etal. Correlation of 
procalcitonin and C-reactive protein with intra-abdominal 
hypertension in intra-abdominal infections: Their predictive role in 
the progress of the disease. Open Access Maced J Med Sci. 2018; 
6(3):479-484. https://doi.org/10.3889/oamjms.2018.112 
PMid:29610604 PMCid:PMC5874369 
 
7. El Kassas G.M, Shehata M.A, El Wakeel M.A, et al. Role of 
procalcitonin as an inflammatory marker in a sample of egyptian 
childrenwith simple obesity. Open Access Maced J Med Sci. 2018; 
6(8):1349-1353. https://doi.org/10.3889/oamjms.2018.323 
PMid:30159055 PMCid:PMC6108804 
 
8. Raffaella T, Fiore F, Fabrizia M, etal. Induction of mitochondrial 
dysfunction and oxidative stress in human fibroblast cultures  
Farrokhpour et al. Procalcitonin and Proinflammatory Cytokines in Early Diagnosis of Bacterial Infection after Bronchoscopy 
_______________________________________________________________________________________________________________________________ 
_______________________________________________________________________________________________________________________________ 
Open Access Maced J Med Sci.                                                                                                                                                                                                         7 
 
exposed to serum from septic patients. Life sciences. 2012; 91(7-
8) 237-243. https://doi.org/10.1016/j.lfs.2012.06.041 
PMid:22820545  
9. Harbarth S, Holeckova K, Froidevaux C, etal. Diagnostic value of 
procalcitonin, interleukin-6, and interleukin-8 in critically ill patients 
admitted with suspected sepsis. Am J Respir Crit Care Med. 2001; 
164(3):396-402. https://doi.org/10.1164/ajrccm.164.3.2009052 
PMid:11500339  
 
10. Miragliotta G, Del Prete R, Santacroce L. The role of the clinical 
microbiologist in the management of the respiratory infections 
today (Review). Rassegna di Patologia dell'Apparato Respiratorio. 
2008; 23(2):70-74. 
 
11. Di Serio F, Lovero R, D'agostino D, etal. Evaluation of 
procalcitonin, vitamin d and c-reactive protein levels in septic 
patients with positive emocoltures.  ur preliminary experience. 
Acta Medica Mediterranea. 2016; 32 1911-4. 
 
12. Flight L, Julious SA. Practical guide to sample size calculations: 
an introduction. Pharm Stat. 2016; 15(1):68-74. 
https://doi.org/10.1002/pst.1709 PMid:26585441  
 
13. Gillis S, Dann EJ, Berkman N, etal. Fatal Haemophilus 
influenzae septicemia following bronchoscopy in a splenectomized 
patient. Chest. 1993; 104(5):1607–1609. 
https://doi.org/10.1378/chest.104.5.1607 PMid:8222835  
 
14. Mirsaeidi MS, Tabarsi P, Farnia P, etal. Trends of drug 
resistant Mycobacterium tuberculosis in a tertiary tuberculosis 
center in Iran. Saudi Med J. 2007; 28(4):544-50. PMid:17457475  
 
15. Gilbert DN. Use of plasma procalcitonin levels as an adjunct to 
clinical microbiology. J Clin Microbiol. 2010; 48(7):2325–2329. 
https://doi.org/10.1128/JCM.00655-10 PMid:20421436 
PMCid:PMC2897488 
 
16. Suratt PM, Smiddy JF, Gruber B. Deaths and complications 
associated with fiberoptic bronchoscopy. Chest. 1976; 69(6):747–
751. https://doi.org/10.1378/chest.69.6.747 PMid:1277893  
 
17. Christ-Crain M, Stolz D, Bingisser R, etal. Procalcitonin 
guidance of antibiotic therapy in community-acquired pneumonia: a  
randomized trial. Am J Respir Crit Care Med. 2006; 174(1):84–93. 
https://doi.org/10.1164/rccm.200512-1922OC PMid:16603606  
18. Huang YC, Bassett MA, Levin D, etal. Acute phase reaction in 
healthy volunteers after bronchoscopy with lavage. Chest. 2006; 
129(6):1565-9. https://doi.org/10.1378/chest.129.6.1565 
PMid:16778276  
 
19. Bauer TT, Arosio C, Montón C, etal. Systemic inflammatory 
response after bronchoalveolar lavage in critically ill patients. Eur 
Respir J. 2001; 17(2):274-80. 
https://doi.org/10.1183/09031936.01.17202740 PMid:11334131  
 
20. Krause A, Hohberg B, Heine F, etal. Cytokines derived from 
alveolar macrophages induce fever after bronchoscopy and 
bronchoalveolar lavage. Am J Respir Crit Care Med. 1997; 
155(5):1793-7. https://doi.org/10.1164/ajrccm.155.5.9154894 
PMid:9154894  
 
21. Standiford TJ, Kunkel SL, Strieter RM. Elevated serum levels of 
tumor necrosis factor-a after bronchoscopy and bronchoalveolar 
lavage. Chest. 1991; 99:1529-1530. 
https://doi.org/10.1378/chest.99.6.1529 PMid:2036847  
 
22. Velayati AA, Farnia P, Masjedi MR. Pili in totally drug resistant 
Mycobacterium Tuberculosis (TDR-TB). Int J Mycobacteriol. 2012; 
1:57-8. https://doi.org/10.1016/j.ijmyco.2012.04.002 
PMid:26787057  
 
23. Pavcnik-Arnol M1, Bonac B, Groselj-Grenc M, Derganc M. 
Changes in serum procalcitonin, interleukin 6, interleukin 8 and C-
reactive protein in neonates after surgery. Eur J Pediatr Surg. 
2010; 20(4):262-6. https://doi.org/10.1055/s-0030-1253358 
PMid:20440673  
 
24. Ramírez P, Ferrer M, Martí V, etal. Inflammatory biomarkers 
and prediction for intensive care unit admission in severe 
community-acquired pneumonia. Critical Care Medicine. 2011; 
39(10):2211-2217. 
https://doi.org/10.1097/CCM.0b013e3182257445 PMid:21705887  
 
 
